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Mitral regurgitation (MR) is increasingly prevalent in Europe despite the reduced incidence of rheumatic disease. It can be divided into primary MR, caused by pathology of the valve apparatus, and secondary MR, a functional consequence of ventricular dysfunction. The possibility of repairing the mitral valve imposes new responsibilities on the imaging-based assessment of MR, which should provide not only the amount of regurgitation, but also precise information on the type and extent of anatomical lesions, mechanisms of regurgitation, aetiology, and reparability of the valve. To date, echocardiography has been the gold standard tool of investigation. Despite technological advancements, there are limitations regarding the utility of (especially transthoracic) echocardiography for the quantification of MR, since obtaining accurate data is heavily operator dependent and often limited by patient habitus and acoustic windows.
1,2
Colour flow imaging, although only a qualitative parameter, 3 is the most common way to assess MR severity. The general assumption is that as the severity of MR increases, the size and extent of the jet into the LA also increases. Theoretically, larger colour jets that extend deep into the left atrium represent more significant MR than smaller jets that appear close to the mitral leaflets. However, the relatioship between jet size and MR severity presents a large range of variability because the colour flow display depends on many technical and haemodynamic factors and thus it is not recommended to assess MR severity. 1 The vena contracta is the area of the regurgitant jet as it leaves the regurgitant orifice and, therefore, reflects the regurgitant orifice area. This concept is based on the assumption that the regurgitant orifice is almost circular. The orifice is roughly circular in primary MR; however, in secondary MR, it may appear rather elongated along the mitral coaptation line and more elliptical. Thus, the vena contracta could appear at the same time narrow in four-chamber view and broad in two-chamber view. Conventional 2D colour Doppler imaging can often not provide an appropriate orientation of 2D scan planes to obtain an accurate cross-sectional view of the vena contracta, which might lead to underestimation of MR severity. 1 Due to the above-mentioned limitations, the flow convergence method is now by far the most recommended quantitative approach for MR evaluation whenever feasible. The radius of the proximal isovelocity surface area (PISA) is measured at mid-systole using the first aliasing. Regurgitant volume (RVol) and effective regurgitant orifice area (EROA) are then obtained using the standard formula ( Figure 1 ). The EROA is the most robust parameter as it represents a quantitative marker of lesion severity. However, the PISA method also faces several limitations, since it is based on the assumption of hemispheric symmetry of the velocity distribution proximal to the regurgitant lesion, which may not hold for eccentric jets, multiple jets, or complex or elliptical regurgitant orifices. In primary MR, the shape of the PISA is rounder, which minimizes the risk of EROA underestimation compared with secondary, functional MR. Hence, careful consideration of the 3D geometry of PISA may be of interest in evaluating the severity of functional MR, but a standard 3D PISA assessment method still has to be defined. 1 Ideally, the regurgitant orifice area (ROA) could be measured directly, similar to the orifice area of stenotic valves, but 2D echocardiographic definition of ROA is difficult because of the complex geometry involved. This is unfortunate because an integrated assessment of mitral valve morphology and regurgitant severity is used in deciding the repairability of the mitral valve and the appropriate timing of surgery. 4, 5 Currently, a full cardiac cycle multidetector row computed tomography (MDCT) scan is considered mandatory in aortic stenosis patients undergoing transcatheter aortic valve implantation (TAVI) to select the proper transcatheter heart valve type and size. 6 Assessment of additional valve pathologies such as MR may have significant implications for planning the treatment strategy in patients with aortic stenosis; however, this can be very challenging. In aortic stenosis patients, in particular, a high left ventricular pressure afterload may lead to overestimation of the MR. Therefore, it would be intriguing to assess the anatomic ROA directly in the MDCT scan of such patients. Multiplanar reconstruction can be used to obtain an en-face view of the regurgitant orifice for planimetry. Using two-and three-chamber long-axis views of the left ventricle in systole, when the noncoaptation of the leaflets is the largest, images perpendicular to these two-and three-chamber long-axis planes and parallel to the regurgitant orifice may be generated. By moving the plane up and down along the point of non-coaptation, the smallest anatomic ROA can be located and used for planimetry. 5 In this issue of the journal, van Rosendael et al. 7 evaluated their technique of integrating echocardiography and MDCT data for grading MR severity. The authors combined in their proof-of-concept study the true, cross-sectional 'anatomic' ROA measured in the systolic phase of MDCT data with Doppler flow data from 2D transthoracic echocardiography (TTE), allowing for the assessment of the 'integrated' RVol and MR severity (Figure 1) . This 'integrated' RVol was then compared with the 'classical' RVol as assessed with the PISA method. For this purpose, van Rosendael et al. used systolic MDCT data of 73 patients with severe aortic stenosis who also suffered from MR. The authors found that their integrated concept confirmed the degree of MR in the majority of the patients, but also led to reclassification from severe to non-severe MR in a certain portion of the patients and vice versa. 7 First of all, van Rosendael and colleagues have to be congratulated for this very sophisticated approach. With this study, they tried to square the circle and propose an alternative approach for MR grading in aortic stenosis patients with integration of CT data instead of the 'gold standard' PISA method. The PISA method as assessed with 2D TTE or even transoesophageal echocardiography (TEE) has been shown to be inferior to 3D echocardiographic measurements and often to underestimate the EROA, since this method assumes a circular regurgitant orifice. However, direct visualization of the anatomic ROA by 3D echocardiography as well as the 3D PISA often show a more elliptical or even semi-lunar shape, especially in patients with secondary MR. Taken together, the integration of the MDCTderived anatomic ROA into the formula for MR grading as shown in this study might be one helpful tool in patients who undergo a preprocedural cardiac CT scan for planning of a transcatheter valve therapy, especially in those with multivalvular disease.
Certainly, this small proof-of-concept study has limitations. The next step should be the evaluation of their method in a larger cohort of patients with isolated MR, as 3D TEE data are often available in patients referred for transcatheter mitral valve repair. 
